Immunization of strain A mice with p- Similarly, the L chain V domain is fashioned by the apposition of VL and JL gene segments. Additional diversity is generated at the junctions between V gene segments during assembly (2-4) and by an unknown mechanism resulting in nucleotide replacements (termed "somatic mutation") (5-8).
synthesize anti-p-azophenylarsonate antibodies. A large fraction of these cells produce antibodies with variable (V) regions encoded by a single heavy chain V gene segment together with multiple combinations of diversity, heavy chain joining, light chain variable, and light chain joining gene segments. Early in the immune response, these V regions are not somatically mutated. One of these V regions is initially expressed by only a minority of the responding B cells but binds p-azophenylarsonate with the highest affinity. After a secondary immunization, B cells synthesizing mutated derivatives of this single V region dominate the response and bind p-azophenylarsonate with even higher afflinity than does the unmutated V region. These results suggest that antigen directs both the expression of the immune repertoire and the amplification of V region diversity by a sequential process of clonal selection of B cells expressing receptor antibodies encoded by unmutated V genes, induction of mutation in the V genes expressed by the selected cells, and reselection of B cells expressing antibodies with mutated V regions of higher affinity.
The antigen specificity of an Ig is determined by the amino acid sequence of its heavy (H) and light (L) chain variable (V) region domains. Antibody diversity is generated, in part, by the combinational assembly of five V gene segments during the construction of complete V genes (reviewed in ref. 1) . A complete H chain V domain results from the joining of VH, diversity (D) , and H chain joining (JH) gene segments. Similarly, the L chain V domain is fashioned by the apposition of VL and JL gene segments. Additional diversity is generated at the junctions between V gene segments during assembly (2) (3) (4) and by an unknown mechanism resulting in nucleotide replacements (termed "somatic mutation") (5) (6) (7) (8) . The latter mechanism amplifies the potential V region diversity to an almost limitless extent.
A single B cell synthesizes antibodies with homogeneous V domains and expresses some of these as cell-surface receptors. Binding of antigen to these receptor antibodies constitutes part of a signal that induces proliferation, resulting in a population that synthesizes antibodies encoded by a uniform combination of V gene segments (9) (10) (11) (12) . While a general scheme of somatically generated antibody diversity has been elucidated, we lack an understanding of how this diversity is utilized during the initial process of clonal selection and the subsequent acquisition of functional immunity. Initial attempts to identify clonally related V regions during an immune response were dependent exclusively on serological methods (idiotype analysis).
The idiotype investigated here is reproducibly elicited in strain A mice by immunization with proteins conjugated with the hapten, p-azophenylarsonate (Ars). We sampled B cells participating in the anti-Ars immune response by generating hybridomas during primary and secondary immune responses and characterized the V region structures of the antibodies they secrete with respect to the V gene segment combinations encoding them, somatic mutation, and affinity for Ars. Our results demonstrate a strong correlation between clonal "success"-i.e., a B-cell clone whose Ig product constitutes a significant fraction of serum antibodies-and affinity for Ars. Clonal success appears to be determined by both information encoded in the germ line and information stochastically generated by somatic mutation.
MATERIALS AND METHODS
Antigens. Keyhole limpet hemocyanin (KLH) was purchased from Calbiochem, and a peptide fragment containing the amino-terminal 102 amino acids of the phage X repressor protein was provided by Robert T. Sauer. Both of these were conjugated with the diazonium salt of Ars as reported (16) .
Fusions. All fusions were performed between splenic cells and the Sp2/0-Ag-14 cell line (17) as reported (18) by a modification of an earlier procedure (19 
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Affinity Determinations. Fluorescence quenching measurements were performed at 220C with Ars-coupled N-acetyl-Ltyrosine as reported (21 T- His  Tyr  --C CAT-TAC  Asp  Tyr  --G GAT-TAC  Trp Table 1 for the origins of the h and the legend to Fig. 1 Proc. Natl. Acad. Sci. USA 83 (1986) homologous to the VHIdCR DNA probe. Thus, their high affinity argues for a process of affinity-directed expansion of B-cell clones that express mutationally diversified V regions. The Somatic Evolution of a Humoral Immune Response. Our results show a strong correlation between B-cell "success" in this immune response and the affinities for Ars ofthe antibodies synthesized by these cells. The V region that dominates this immune response is of the highest affinity within a group of V regions that are elicited in unmutated form at the onset of the response. B cells synthesizing this particular V region are selected despite the structural relatedness among members of this group (many are serologically indistinguishable and share >95% sequence homology), which should provide common idiotypic targets for putative homeostatic regulation (i.e., network regulation; reviewed in ref. 38 ). In addition, secondary B cells that express somatically mutated versions of this V region produce antibodies that bind Ars with a higher affinity than do their unmutated analogues. Random somatic mutation without affinity selection should more frequently generate V regions with affinities that are either unchanged or reduced (39) . Hence, putative simultaneous idiotype regulation resulting in the selection of secondary B cells is not seen. Further evidence for affinity selection of secondary B cells comes from a detailed examination of the location and nature of nucleotide replacements seen in Fig. 2 : repeated generation of identical amino acid substitutions, primarily in the second complementaritydetermining region, and the paucity of silent nucleotide changes are evident.
Immunity is generally characterized by high-affinity antibodies. Studies performed on whole serum antibodies by Eisen and Siskind (40, 41) and others (42, 43) have implicated the role of antigen as the selective agent in the affinity maturation process. Our results provide a molecular description of this phenomenon. Antigen selects not only from the diverse pool of unmutated V region structures expressed by the preimmune B-cell population but also from the additional diversity apparently generated by stochastic mutation of these V regions, resulting in a highly adaptive process in which many structural solutions to a common functional problem (i.e., achieving high affinity) are reached. From a finite preimmune repertoire, less than or equal to the number of B cells in the host, functional antibodies of seemingly infinite variability are thus generated.
